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..N^OTIOE. 

Engineers and Su peri u ton dents of Gas Works will 
confer a favor on Habsis & Bro., by acknowledging 
the I'ecoipt of the "Pocket Companion." 
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ECLIPSES FOR THE YEAR 1866. 



I. A partial Eclipse of the Sun, March 16th. This is a 
small Eolipse, visible only in the extieine northeastern part 
of Asia aad northwestern part of America. 

II, A total Eclipse of the Moon, March 30tii. This Eclipse 
is visible In this oonntry. 

HI. A pai'tial Eclipse of the Snn, April ifith, A small 
Eolipse, visible in Australia only. 

W. A total Eolipse of the Moon, SepteiabBr 24th. This 
Eolipse will not he visible in this conntry, 

V. A partial Eclipse of the Sun, October 8th. This Eolipse 
is not visible in this conntvy, except in the northeastern 
portion of it, where it will be seen as a small partial Eolipse. 
It will also appear as such in the western part of Europe and 
the northwestern pact of Africa, 



EQUINOXES AND SOLSTICES. 

Vernal Equinos .... March 2n, 2 Hi mo. 

Summer Solstice .... .Inne 31,11 26 aft. 

Autumnal Eqninox .... Sept. 23, 1 43 mo. 

Winter Solstice .... Deo. 21, 7 42 aft. 
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TO GAS ENGINEEBS AND SBPEBIHESDESTS 
OE GAS WOKKS. 



GtEBTLBUBIi : — 

Our house comweuced Uie manniaotiire of gas metei^ eigh- 
teen years ago, and was among the first iu tLe baainess in 
this couutrj. 

We had to contend with the prepossessions for tlie English 
made meter, and with the prejudices against those made in 

Onr praotioal and meobanical knowledge of meter mating, 
with industry, energy, and close attention to businpoa. Boon 
enabled ws to enter into competition, the result of which was 
a reduction in tiie cost of meters to gas companies The 
price of a 5-liglit meter, which is the average Belling size ^t 
that time was $13 BO. By degrees we succeeded lu bunging 
it down to $10— our price previous to the breaking out of the 

So far we have been sueoessfni in preventing a monopoly 
of the business, and have honorably endeavored to thwart 
every attempt tending to a consolidation of the trade. 

Elforts liave been made to render snbservient to one com- 
bination the only meter dial maker in this country. 

We think it will be hard work to persuade those interested 
in gas companies that these repeated efforts to monopolize 
the trade and orush out oompetitlon arc made only for their 
benefit. 

While the names of other firms have either passed out of 
the business, or changed forms, we still retain our name, and 
remain at thisday the oldest firm iu the meter trade in the 
United States. We think you will agree with us that the 
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gas interest will insure a bettsr muter and fairer prices hy 
keeping np a iiealthy eompetition tlisin by fostering a com- 
bination whose influence may control the trade and dictate 

It will hardly be necessary to say that our meters have 
long enjoyetl the highest reputation. Tliey have been sub- 
jected to the severest trials. Repeated tests have been made 
of their acouraoy, dni^ijility, the workmanship, and of the 
materials used to their manufsctave. After frequent oom- 
parisons with those of other meter makers, John 0. Ccesson, 
Esq., late Engineer of the Philadelphia Qas Works, gave ns, 
in 1857, a certificate which will be found in our oirenlar. 

Fiom these faots we have the confidence to bespeak a por- 
tion oS your trade, anfl. hope you will extend to us the hand 
of enconragement, and at least a portion of yonr patronage. 
Ouc long experience, aided by skilful and competent work- 
men, and the supervision given to the faotoiy by one of the 
firm, a prafitical meter maker, enables ne to warrant our me- 
ters and guaranty their giving entire satisfaction. If not 
found satisfactory upon a fair trial, we only ask their retnrn. 

Our primary object in issning the Pocket Companion is to 
advertise our house, and prevent a monopoly of the business. 

Our secondary object is to furnish snob hinta as may be 
useful to ih(Be engaged in the management of gas works. 

Any Lints from engineers or superintendents which will 
add to its value will be thankfully received by 

De. W. U. M'FADDEN, 

HARRIS & BROTHER, 

No. [II7 Chercy Street, Philadeiphia. 
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EXPLANATION OF THE GAS METER INDEXES. 

DIAGEAM OP THE FACE, 




100 CACM 



Each figai'B in tiie tiglit hand oircle denotfiS hundreds. 
When tlie hand oompletea the oirola it denotes ten hundrecl, 
which is registered by the hand of the centre oirele pointing 
to one. Each figure in the centre circle denotes one thousand. 
When the hand of tiie centre oircle coinplelea the oirele it 
denotes ten thoneand, which is registered on the left hand 
oirele by the hand there denoting for each figure ten thon- 

The register always shows the quantity that has passed 
throQgh since the meter was first set, from which dednot the 
amoant paid for, and the differenee shows the quantity re- 
maining unpaid. 
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STATION METERS. 

Al\ qas wort.B will find it to their a^vautage to use a 
station meter By meaos of it tlie amount of leakage or losa 
can be ielermmod ly ^ comparison of the amonut made with 
tlie amount used W« make them of capaoity to record from 
20,000 to 1,500,000 cnbic feet in 34 hours, faraishod with 
pressure and water-line gauges, and either witli a plain iudes 
or with clock and tell-tale moToments ci 
ii.ill particulai attention to the impro 
dijced, whereby the capacity is largel; 
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WET METERS. 



s aud Supeimtund 
fluts wliD 1 a e used o ir wet mete ^ the freiiueiit analyaea 
and exammatioua whitli we have made of other maaufao 
tillers work ind the ooi fiden e wliioh our many yaita 
practical experience imparts give ns reason to believe our 
WHt mnturs are equil if not snpeiior to any made as well n 
acoaraor and durability as m workmanship. Many of which 
have been in constant use for fifteen years in the Philadelphia 
and other gas worku, and are in good working oi'der to-day. 
A sworn inspector tests and seats each meter before It leaves 
the factory. None bnt the best workmen are employed, and 
we use the very best material, as the certificate of N. Trotter 
& Co. — the largest importers of oar materials in this city — 
will show. 



■ -fippof^ 
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THE DRY METER. 



We manufaGture tlie two standaid diy meters; tlie 3 
diapMagm with a rotary valve, and the 2 diaphragm with a 
slide valve. Many advantagsa are jnstly claimed for the dry 
meter. It requires no fluid, as iu t!ie wet, to operate it, whioh 
is 30 liable to freeze diu-ing the winter montlis, giving oon- 
stint innoyiaoa ind sobie-ting con'' tmens to frequent 'neon 
Ten enoB an 1 expense to t ru h al oi ol It is cleaner ind 




no Tinpleaaant odor attends upon its use. It does not demand 
constant attention to keep up the water level, thus incurring 
expense to oompanies. Nor are oonsumers put to the incon- 
Tonience of light goii^ oat for want of fl.lliiig up, or because 
too mufih of the fluid lias evaporated. Having less occasion 
to open and examine it, it is not so liable to accidents nor to 
be tampered with by dislionest oustomers. 

Some Engineers prefer the 3 diaphragm, yet the simplicity 
of the 2 diaphragm with the slide valve, and the general 



.y Google 



satiafactioii it affords, have a tendsiioy to bring it into more 
general use. 

In our inannfaoture of the dymt wgl giatareu 
seleoting the oape-skins frara wl hw ktlbllw nl 
upon whicli its darabihty dej nd 1 tl i pa ati n to 

wiioh we subject it renders itnha nntb pa d 

for meter purposes. The small and a nrat bh ng f 
of tlie Talves has enabled ua, ft j at 1 x[ m nt to 
overcome its lifting, which was h tof u li n us 

objeotion to its acouracy. Awmk hmihy n 
certainly depended upon, and w w ant b tli t f 

our dry meter to give entire sat f ti n 

In puTOhasing the dry meter, its capacitij should receive the 
attention of Companies as well as the qnality of the leather 
used in them, and the oliaraoter of the rubbing surface of the 
valves, upon which depends the value of tlie meter, h good 
inetep prevents loss to the Company, and. its accuracy in- 
spires the consumer with confidenoe. We feel no better 
security oan be offered to Companies than our practical 
knowlfidge, long experieuee, and estiililialied reputation. 
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GLAZED METERS. 



Consumers gcnurally douljt the acenracy of their meters. 
To veraoVH tliie prejudioe, every company ahould liave a 
glazed meter whicli exhibits the internal atruoture and work- 
ing appayatoB. Its operation satisfies coosuiUBrs and reiidecB 
tlieir interconvee more agrueable aud pleasant. 

Test or Experimental Meters are of value to test the amount 
of gas coasnmod hy burners. By obsecvationa of one minuta 
you can t«ll how much any burner will consume in one hone. 
Thus testing the statements of those interested in the sale of 
patent burners, and quieting the oomplaints of coiiBumers 
is of imposition. 
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PRESSURE REGISTER. 

The presauro register, which is of great value to many gas 
Horka, we get up in the ueateat manner and after the most 
approved style. The pregsnre in the street mains varies with 
the locality and during the several hours of the day and 
night. This instrument gives a daily record of this variation. 
They are finished either plain or ornamental, and are made 
for various ranges. 
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PHOTOMETER. 



The photometer, inveiited liy Count Rumford ancl improved 
by Boneen and otliers, is an iuEtrnmeat for maasutiug the 
intonaity of gaa light as oompared with any other standard. 
We keep this instrument confitaiitly on hand, and furnish all 
the necessary apparatns for conducting such eKperiments. 
The ohemical method of testing the intensity of lijuht depends 
npon the amount of osygen necessary to its combustion. 
This plan was used hy Dr. Henry, and has been lately intro- 
<liioed into this oountry. This latter is called the chemioal 
mothod, while the former was the optical method made by a 
if shadows. 
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METER PROVER. 



TViH cubic foot measurea iif tlie U. S. Assay olRoe is Him 
standard by wliich. tbe aooiiraoy of provera is regulated. TIik 
pressm^e varies with the raisiug an<i lowering of tie prover 
holder. To overaome this and insure a uniform pressure 
throughout, that is, from top to bottom, we have adopted the 
compensating balance with its adjustment, tbng eeouring a 
prover of accuracy and rBliability for gaa oc air. 



' "••'fffti: 



.y Google 



15 

We wonlri suggest to gas companies the propriety of liaving 
a meter prover. It would afford aatisfaotioii not only to the 
CompHuy but also to the ooii9Umers. The many disputes 
arising abont the unfaithfulness of tbe meter could thus be 
readily met and oi'ei-come. 



PRESSURE INDICATOR. 

The pressure indioator is a very sensitive and reliable 
insti-anient. They are used in many works to detect leaks 
and as a substitute for large pressnre ganges. We make two 
sizes, one of 6 inohaa the other of 9 inches, and finislied either 
plain or ornamental. 
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TESTrNG METERS. 

To prove a meter is a very nioe and delicate operation. 
To insure accnvs.ay, cei-tain rates are esseutial, and tie 
sti'ietest attontioii should bo giTea to obsarve them, 
lat. The pcover should be mathematioally oorreot. 
2d. For a nuiform pfessnre fram top to bottom, the meter 
prover shonld be carefolly oonnterpoiaed and adjusted 
with a oompensating balance. 
3d. The air in the proving room, also the air or gas, and the 
water in the holder, should be kept uniformly of the 
same temperature. 
4th. A theiTQomefor in the air or gaa-holdev awd one in the 
proving room will always indicate the uniformity of 
the temperature or any variation which arises. 
Dueattentionpaid to theae points, connect the meter to the 
holder. Than try yonr connections if they be tight. To do 
this yon require a pressure gauge between the meter prover 

Place your hand tightly upon the outlet of the meter, turn 
on the air or gas from the holder, then turn it off, and if the 
pressure gauge stands at its initial point, yon are ready to go 
on with the proving ; after having brought the hand on the 
index of tiie meter to a designated point and the holder start- 
ing from or any other fixed point, observe carefully these 
two points, the one on the bolder and the other on the index 
of the meter. Thus prepared, turn on to the meter the gas 
or air from the holder and make one or more complete revolu. 
tions of the pointer on dial, always stopping exactly on the 
point started from. 

It the meter and holder exactly coi'respond, the meter is 
oori'ect ; if any variation, the percentage of error is easily calon- 
lated. To prove wet meters the only additional observations 
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are to set them on a level plate and allow the water to run as 
low as it will from the water line or side screw — the true water 
level. Meters are usually proved under from 1 to I J inch prea- 
at inl t pipe, whieli should be well supplied with air or 
g ni the outlet rednoed to a giTeii quautity per lionr, 
I g to tlie English standard aa per table below. 
Engl sh atandarcl of outlet openings when tested. 
2 light Meter ^ 12 feet per lionr. 



The lighting of the pnblio lamps is either partial o:' during 
;liH ahsenne of sunlight. The calendar will serve as a gnide, 
iiid will bo fouud very useful. 



CALCULATOR OF PUBLIC LIGHTIMG. 

Light ^ hour after sun Seta. 

" 1 " before moou sets. 
Extinguish 1 hour before sun rises. 
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;OAL. COKE. 
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A BEIEF HISTORY OP GAS, 

The taWes.fomml^, and calculations In tie Cuflipanionliavfl 
Iweii oarefuUy examined and compiled from meb authors fts 
Haawell, Clegg, Hugliea, and others, to wliloli ftnthoritiea we 
refer yon for their acenraoy. 

Inflammable gas, a na,tutal product of deoompoaition, was 
known to th t Its p t d t, in IGGT, by 

Mr. Shirle wl t d t t! lid und r the burning 

Spring of W g L li E gl 1 the snrfaoe of 

whioh the gia U t 1 H gg ted th po ibility of pro- 
curing ga f m th mb f 1 

Dr. Hal pe m t p 11 h d 16 demonstrated 

the maki g t g f m h di 11 t f al. Dr. Clay- 
ton's esp m t p g tl m w ! owever, of an 
earlier dat 

Mc. Sped^ It r pot, 1 to ligb the street-, ot 

Wliite H w tl g y d fl gl p pes His pro 

position w jtdhgllp d p ctieability b> 
lighting bi ffi 

Dr. Watson made knjwn, i 17 7, tl t g etams it,s illu 
minatlng power after paesing through water. This fact gave 
na the water-joint, which faoilitatas all tlie manipulations of 
gas works. 

Mr. Wm. Murdoch first applied artificial made gas to pnr- 
poses of lighting. In 17fl2, he lit up his house and office 
with it. He experimenl«d upon the gas from varions sub- 
stances, difierent coals, gas-burners ; knew the neoeesity of 
purifying the gas, passed it through water, bnt did not use 
lime. He lit up, in 1798, part ot the Soho factory, and gave, 
probably, tbe first public exhibition of gas illumination in 
1802, in honor of tbe peace of Amiens. 

Dr. Henry and Mr. Clegg introduced the use of lime to 
purify the gas. 
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The erection of private gas works was commenced iii 1805, 
by Mr. Murdoct and Mr. Clegg. The latter inti-oducad a 
separate lime purifier. To him we are indebted for wet lime 
pnrifiera, liyclraiiKe main, its dip-pipes, mode of attaching 
moiith-pieoes, the governor, and the gas-meter in its earlltfflt 
and most noTel form. The formation of chartered oompaniea 
began in 1309, and has since extended over the oivUized 

All attempts to profitably make gas from oil, resin, wood, 
ho., seem to have failed. Nature has furnished in coal the 
elements of gas, iu the form most snitable, whence to gener- 
ate it for public tise, and afford sufficient profit to make the 
manufacture of it a business, now, one of prime necessity. 

The products from the distillation of coal are thus classi- 
fied:— 
Ist. The light-giving elements, as olBfiant gas and the hydro- 

carburela. 
2d. The heating elemtnts is hydrjgpn ^nl carbonic oxide. 
3d. The injudons elements is oarboi ic acid, ammonia, sul- 
phiLretted hydrogen io 

It is of the first importance to remove the injurious ele- 
ments from gas. To eflect this the piccess of purification 
is essential, and consists of the following steps ; — 
1st. Washing with water to remove the ammonia. 
2d. A senibber or breeze eondenaer which does the same, and 

hence is often dispensed witli. 
3d. Air or water condenser to cool the gas and deposit other 

impurities, as tar. 
4tli. Wet or dry lime purifiers to remove the oarbonie acid 

and sulphuretted hydrogen gases. Soda adds to the 

efficiency of the lime. 
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COALS. 

li'or information on this subject uoiisult R. C, Taylor's 
"Statistios of Coal." In choosing gas coals avoid sulphur. 
The best for coke has a splintery fracture and a bright Instre. 
This coke gives out a great heat in tumaoea. The varieties 
possesaiug the most resinous lustre, and fracture eompaot at" 
right angles to the lamellte, oontaiu most h 
best for gas. 



Wliich th 1 tt 1 y t rt. till an unset- 

tled guest CI y t p t t ! n, and being 

cheaper ar 1 Ic ly t A h t leems essen 

tiai to th a t anl f 1 w k g f hiy 1 

their abse fmmllwlcs Tk mdsf ttt, 
shapes,anl j w th tl w d t t g 

Each one w pe g th b t t It d th 

greatest s tmf t 

Too low h t d m ni h th 1 1 t & ad 
thetarjatoolg t t fhlt llatory pioeegs 
lessens it 11 mi t ig p w EotI th hould be espe- 
cially avo dd tlm fturfgasTh average yield 
of coke pe t fOOOll tmOtoSb hels, weighing 
from lOOO to 1300 lbs., of which from one-half to two-thirds 
is nsed trnder the retorts. 

The average charge for a retort is from 120 to 175 lbs. 
Charges are made every 4, 6, or 8 hours. The usual charge 
is a 4 hour one. A bench should be fired up gradually. An 
iitegular heat is veiy destructive upon retorts. 

For iTOn a cherry red is a good heat. For clay an orange 
red or white heat. SmaU gas works charge with a shovel ; 
large works use a scoop. 

Before drawing a charge, to prevent accidents from an ex- 
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plosive mixture of the gaa witli air, the lids should be loosened 
and the eaoaping gas liglited. 

Spent lime, with olay mised iuto a mortar, is used for 
luting the lid. 

Four feet of gas for eaoh pound of coal in the standard 
yield. The extcemea of yield are from 3^ to 5 feet. To pre- 
vent the oolleotion of tar and ammonia, which impedes the 
action of the lime, the gas should be thoroughly cooled, and 
uondenaed before reaching the purifiers, otherwise vapors pass 
which corrode the ooeks, fittings, &a. 

The tar produced per ton is 100 to 140 lbs. Of ammoniaoal 
liquor 10 to 13 gallons. One bushel quicklime makes two 
slaked, which will purify 5000 feet of gas, and covers 35 
square feet 2J inches thiok. Test every day each porifier 
with a piece of white paper dipped iuto water, in which 
sugar of lead is dissolved. The nitrate of silver is a more 
delicate test, but requires to be kept in an earthen bottle, or 
ono lined with tin foil, to esclude the light. An elevation of 
100 feet inoi'oaaes the pressure 1 inch ; a depression of 100 
feet diminishes it I iuch. 

A good superintendent always saves his salary : that is, 
the right man. in the right pi 1 co mj y mp j 

The leakage of a gas wk fmltSOpe t 

overcoming this would m h t mp A leaka 

of 10 per cent, is allowal 1 i 1 d g d t & & 

Mains leak either fr m mp rfeot p pe ta Ity j ts 
Pipes are generally prov dbyhm ft Apeft 

pipe rings when struck k d J Th h 11 

be tested when laid, by P nip 1 p ir t> 8 

whioh, allowing the mero y to f 11 d t Ik At ti 
same time joints might btfiwth ] d — blbl 
forming where there is Ik It t t 1 w 1 g 1 gl t 

would detect the leak. Th f m d 1 t t 

and one generally used by j,i3 fitt 

Where a J mile of ma f3 hdmt Ipf 
the drips more than J g U th j 1 k m 1 

;ci correot wh h my 
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HINTS ON SERVICES, METERS, &c. 

Tliis talile is the standard of tl PJJladelph'a Gas Worts. 
It goveiTis the size of pipe m 
and will be fonnd of value, 
mine the siae of their maiu! 
size, as the diffeteiice in cos 
vantages. 
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CIRCTMFKKBaCUS AND AliEAS OT CIROLES, 
'eet and mUs of a Ibat, m- in Inches unci Mhs of an Tacli. 
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Fat Bituminous Goals in Western Virginia. — State Reports. 
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Moderately Bituminous Coals in Wedem Virginia. 





LocttlilJ. 


DesienaUoB 


By whom 
Analyned. 


ANAiiara. 


Conaty. 


1 

5 


ll 


1 


ll 

|« rayelfe 

1 

il 
:i 

^J Preston 

1!! 


Oampbell-a Ci'eek 

L^Enffnei^sBank 
Braam'a Bi.nk 

Big Saud J B>£in 


Koyes'BBBam 
Upper seam 

Matliu'B 
Beatlj-'8 

Price's 
Seaport's 


W.B.R^ete 
W. B. lioseva 

Slale Reports 


65.38 


i.ai 

4438 
2S!6( 


3.08 

s,3a 



HoslaO^y Google 





Locality. 


of Coll Beds 


Brwbom 
Analyjed. 


A»*LY5I3. 


C«u«t;.. 


T 


ll 


S 












1^ 


■g 












!>H 


















James River. 










KM 








Engiae slaft 






i2.S3 












6s!si 


S7.6( 




'' i 


Mill's and Heia'B 


Creek pit 








tro 












a no 


7 


HBlh'B DBep Shllfl 


Tup Kam 




1 % ^ SJ 


















WiflWi-pook Creek 












Cleverhll^ Appo- 














"sit- 


Johnson 


..»Lw1 




m LoSiau"" 


average 


Andiens 


Z 


z 


," 




Creek Coal Co. 


lalin Tsix 




60 30 


fiia 


8 57 




Blnck Heath Pits 


Mean of four 


^ 




sa!fi7 
































JiimesE. 10 




Raodolpli'a 


W.B,Eogers, 
Stale Uuport 




30 so 


333 






Semnd Beam 






ao( 












3a!78 




4.92 


" 


Cronolie'6 Lower 
Shaft 


"nn'ti'ftTn 






30.00 




18 


Seotl'a Pit 




'suirEeport 


60 36 


33 70 


a« 










iS.M 








BeepKnnPils 
WilWpit 














JBparvoin 


T.G.Clenison 














B. C. Taylor 


6t.20 


9Q,0O 


n.sn 



HoslaO^y Google 



Pat Biluminrms Goals in the State of Ohio. 
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LINEAR MEASUREMENT. 

12 inoliea = 1 foot. 3 feet = 1 yard. 
1 mile = 1,760 yards = 6,280 feet = 63,360 iimlies. 

Lineal feet multiplied by .00019 = miles. 
" yards " ,000568 =EiileB. 

1. In a right angled triangle the sum of the squares of the two 
sliorter3idea = The square of the hypothenuse r the square 
of tho hypothennBe less the square of ona side^thesqusre 
of the third side. 

2. The diameter of a oihcle x 3.1416 = 

3. The oireumference of a oirole xO.Slf 

4. Given a chord and versed sine — to find the diameter of tte 
circle. Divide the square of half the chord hy the versed 
sine, and add the versed sine to the product ^ the dia- 
meter. 

5. To find the length of an are of a cmohK, when the chord of 
the whole are and the chord of one-half of the arc ace 
known — from eight times the chord of one-half of the are, 
suhtraet the chord of the whole arc ; one-thiid of the re- 
mainder will be the length of the arc nearly. 

6. PsBiFHEKY of an ellipse. Multiply the square root of the 
sum of the squares of the asea, by 2.22. 
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SURFACE MEASUREMENT. 



144 square inoheB ^ 1 square foot. 
9 " feet ^1 " yartl. 
Aore = 43,5606quaTefeet = 4,480yards = (660feetX<i6feet.) 
Square mile = 640 aores. 

1. PARAi.LEiOGEiM — (Square, rectangular or rhomhoidal)^ 
tlie product of the leugth of one side X ^y pBrpendioiilar 
height. 

2. TmaNQLE — = produot of base X ^y one-half the perpen- 
dionlar height. 

3. Tbianglb — Area from three aides given, Prom the half 
sum of the three Bides suhtraot eaoh side separately ; mul- 
tiply the half sum and the three remainders together, and 
the square root of the product will be the area. 

4. Trapezoid ^ the sum of the two parallel aides x by half 
the perpendicular height. 

5. CiEOiE^ the square of the diameter X '7854, or square of 
the circumfereuoe X -07968. 

(i. Seciok op a Ciholb =: radius of the circle X ^7 one-half 
the aro of the sector. 

7. Seqjient oif A CiKCLE. — Find the area of a saetor of a 
circle having the same aro, and deduct the triangle formed 
between the two radii and the chord of the aro. 

SDPEKFICIAL AREA OF SOLIDS. 

8. Cube. ) 

9. Paratlelopipedon. [ = Sum of areas of sides and bases. 

10. Prism, j 

11. Oyliuder.=Ciroumferenceofbasaxheigh1>fareaofbases. 
13. Cone. 1 _ f Cironraference of base x oiie-half 

13. Pyramid. J~t slant height + area of base. 

14. Sphere. = Square of diameter x 3'1418. 
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SOLID MEASUREMENT. 

CUBIC CONTENT. 

Product of three Linear Dimensions, (^proportional to cube oj 

similaT sides.') 

Cabic foot = 1,738 oubic inches- 

" yard . =5 27 oubio feet ^46,656 " 

Barrel . . = 4-8125 " = 8,316 

Bushel . . — 1-2438 " = 2,150 " 

Gallon (wine) . . . . = 231 

1 lb. avoirdupois = 27-7015 oubio inches of water at 39-830 
Fah. and barometer 30 = 16 ounces = 35fl drachms = 7000 
grains. 
1 lb. troy = 12 ounces = 96 drachms = 388 aoi-nples = 57G0 
grains. 
Ton =: 3,240 lbs. avoirdupois. 
1 gallon of water weigha 58372-1757 grains troy = 11-34 lbs. 

Cylinttrical inches X -0004546 = enbic feet. 

" feet X '02909 = " yard. 

Cubic inches X '00058 = " feet. 

" feet X '03704 = " yard. 

" feet X 7'4S = United States gallons. 

" inches X -004329 = " " " 

Cylindrical feet x 5'874 = " " " 

" inches x '0034 = " " " 

Content of Cast.— Add into one sum 39 times the square of 
the bung diameter, 35 times the sijnare of the head diameter, 
and 36 times the product of the two diameters ; then multi- 
ply the sum by the length, and the product ^ain by °°°°* 
for wine gallons. 

General Rule for Finding Cubic Content contained between two 

parallel planes. 

Let A and B be areas of ends of solids, and the area of a 

section parallel to, and equidistant from the ends, and L the 

distance between the ends. 



Solidity = ^+4+i-CxL. 
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1. Cube = side X side x aide, or = area of base x by perpen- 
dicular ieight, 

2. Faballblofifeiion. ^ 
Cylibdee. 

3. Cone. 1 = Area of bases X 1*7 i 'lie perpendicular 
Pyeamid. J height. 

4. PEnSTKFM OP Coke ok Pybamid = aum of the areas of the 
two ends + the square root of their prodnct X by j of the 
perpendionlar height. 

5. Sfhekb = cube of the diameter x O*5230. 

6. Si'UKKicAi:, Segmekt = 3 times the aquare of the radius of 
its baae+the square of its heightxby the height x0-623e. 



WEIGHT OF BAR IRON. 



EOLLED IROH. 
Flat Ihoh. 







W«lghtotonBf™t 


S\zs. 




Size. 




In length. 


in lengtl!. 


iV X 


rV 


0-0132 




0-1188 


" X 


i 


0-02G4 




0-1320 


" X 


-,v 


0'039G 


" X U 


0-1452 


'• X 


1 


0-0.W8 


" X i 




" X 


tV 


0-OG60 


'• X !> 


O'lTie 


" X 


^ 


II-0792 




0-1848 


" X 


Vr 


0-0924 




0-l»80 


" X 


i 


0-105S 


" X 1 


0-2112 
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Weig 


1 of one fool 


m.. 


Welglitotonefool 




longlJi. 




i inch. 


041 lb. 


i inch. 


1-043 lb. 


A " 


119 '■ 


A ■' 


1-255 ■■ 


i " 


IfiS " 


i '■ 


1-493 " 


A " 


261 " 


H " 


1-752 " 


f " 


373 " 


? " 


2-032 ■■ 


A " 


508 " 




2-654 " 


^ ■■ 


sea " 


H " 


3-3H0 " 


A '■ 


840 " 


li 


4-172 " 



E "WiHE, Sheet-Ieok, 1 



ThlCtllBBB 




1'o.Clt? 


Thickness 




Zir^iZ- 


















Boiler Ifon 








No. 


0-340 


13-7 


No. 19 


0-042 


1-69 


" 1 


0-300 


12-1 


" 20 


0-035 


1-41 






11-4 


" 21 


0-032 






0-259 


10-4 


" 22 


0-028 


1-13 




0-238 


9-60 


" 23 


0-025 


1-00 


" 5 


0-220 


8-85 


" 24 




0-886 


" 6 


0-303 


8-17 


" 25 


0-030 


0-806 


" 7 


0-180 


7-24 


" 26 


0-018 


0-724 




0-16B 


6-65 


" 37 


0-016 


0-G44 


" 9 


0-148 


5-96 


" 38 


0-014 


0-563 


" 10 


0-134 


5-40 


" 29 


0-013 


0-523 


" 11 


0-130 


4-83 


" 30 


0-012 


0-483 


" 12 


0-109 


4-40 


" 31 


0-010 


0-402 


" 13 


0-095 


3-83 


" 33 


0-009 


0-363 


" 14 


0-083 


3-34 


" 33 


0-008 




" 15 


0-072 


2-90 


'■ 34 


0-007 


0-383 


" 16 


0-065 




" 35 


0-006 


0-230 


., 17 


0-058 


2-34 


" 36 


0-004 


0-170 


" 18 


0-049 


1-07 









.y Google 



STRENGTH OF MATERIALS. 

FoK Teksiok on each Sectioh op Obb SanAKE Inch. 
Safe Wdghtfor Ordinary Materials. 



Wrought Iron 
Cast " 

Copper, cast . 



26,0(K) lbs. I Lead , . . 

10,000 " Braes . . . 

2,0()0 " Oak Wood . 

5,000 " Yellow Pine . 

8,000 " I White Piae . 

POK COMPBESSIOH. 



atone. Lard 



Brick . 60 " 

Compression estimated for a col^ima 6 diameters long. 

If lengtli =: 12 diameters . , . deduct ^ 

. ^24 I' ... ■■ I 



HEMP ROPE. 
Multiply the square of the eircumfei-eu 



I by 100 for the safe 



n 



= 100 11)8. 
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I..h. 


'«.-■ 


'^MT'' 


..... 


^Xl'"' 


Safo Weight la 


* 


o-n 


250 


^ 


4-0 


6,250 




0-38 


560 


+1 


4-84 


7,550 




0-67 


1,000 


\ 


5-75 


9,000 




1-08 


1,560 


If 


6-0 


10,500 




1-55 


2,2o0 


i 




12,250 




211 


3,050 


Vw 


9-4 


14,000 


* 




4,000 


L 






A 













WEIGHT OF CAST-Il 



m.,.et.r. 


L^ugth. 


Wolgbt. 


i,l«™et«. 


r.engtli. 


Weight. 




Ppet Inch 




iDOh 






GO 


13 5 


10,900 


10 


9 


500 


48 


13 


S,500 




9 


400 


36 


12 


5,400 




12 


340 


30 


12 


4,000 


6 






30 




3,000 




12 


240 


24 


S 


2,100 


4 


9 


180 


20 




1,400 


8 


9 


112 


IB 


12 B 


1,450 




9 


105 


16 


9 


1,000 


3 


6 


45 


12 


^ 


600 


1* 


" 


35 





BAOH loixrc 














.pipe, 3-25 lb3 


0.050 IbB. 


10 in. pipe, is- 


lbs, 0-30 lbs 


4-75 " 


0.07B " 




" 0-35 " 




0.115 " 


le " 25- 


" 0-45 " 


9- " 


0.175 " 


18 '■ 29- 


" 0.52 " 


" 12- " 


0.250 " 


20 " 43- 


" 0.60 " 
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SPECIFIC GRAVITY. 

Mercury 13,600 

Lead 11,325 

Copper 9,000 

Cast Brass 8,000 

Steel 7,850 

WrougM-iron 7,780 

Cast-iron 7,207 

Tin 7,300 

Marble 2,690 

Common Stone 2,520 

Brick 1,900 @ 2,000 

Soil 1,884 

Coal, anthracite . . . 1,436 @ 1,640 

" MtuminouB 1,270 

Saud 1,520 

Sea-Water 1,030 

COMMON WATER ...... 1,000 

Oak, (dry) 935 

Ash, "..... 800 

Maple, "..... 755 

Elm, " 600 

Yellow Pine, " 6(iO 

Wiite Pine, " DE4 

Cork 240 

Carb. Acid 1-9 

Air 1-25 

Coal aag 0-6 

HydTOgen 0'084S 

The 3peoiflo gravity in table alao represents tbe number of 



qIo 



foot -M6 = lbs. 



1 cubic foot of Cast-iron . 


. = 450 lbs. 


1 " " WbitePine 


. = 34-6 » 


1 " " Water 


. = 63-5 " 


10-9 cubic feet of Air . 


. = 1-- " 


22 " " CoalGae 


. = 1'- " 
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GROSS TON m BULK. 

Ant! ra., te (.on!, 1 cubic foot = 53 lbs.— 1 ton = 42-3 eu. ft. 

B i im on " 1 " = SO " 1 " = 44-S '■ 

Charcofll 1 " =18-2" 1" =123- 

8" IbB. Pittsburg Coal tnabe 1 bushel of Coke. 

-|- Breeze ancl waste ( =i 11 per cent.J 

1 cord of wood = 8x4x4 cubic feet, 

1 Ton (2,240 lbs.) Pittsburg Coal = 31 J bust, coke + 3^ bush. 

Ereeze @ 38 lbs. per. busk. 

FOR BALLOONS. 

Coal-Gas — apeoific gravity 0'625 water. 

T5acb 13 oabic feet of air . . . . ^ 1 lb. 

" 13 " " coal-gas . . . ^ J " 

" 13 " " " . buoyanoy = J " 

For 1,000 cubic feec coal-gas, 40 lbs. buoyimcy nearly. 

" " bjdrogen, 75 " " 

TABLE OF EXPANSION BY THERMOMKl'KR. 
Solids heated from 32o to 212° (Fahrenheit) expand— 





From 1 to 


ForeKhfleg,™. 


WrougkHrou . 


1-00122045 


0-00000680 


Cast-iron .... 


1-00111130 


0-0000061S 


Hardened Steel . 


I-00123S6« 


0-00000689 


Copper .... 


1-00171820 


0-00000956 


Lead 


1-00284833 


0-00001680 


Braes (common oast) 


1-00187821 


0-00001043 


Brass Wire 


1-00193333 


0-00001075 


Tin, hammered . 


1-00270000 


0-00001500 




1-00217298 


0-00001207 


Marble '.'.'.'. 


1.00110410 


0-00000613 


LiQuina. 






Mercury .... 


1-00018433 


0-00001025 


Water .... 


1-00046HOO 


0-00002595 


Oil (common) . . . 


1-00080000 


0-00004444 


Alcohol .... 


l-OOIOOOOO 


O-O0O055EB 
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Ttop. 


Vo..n,e. 


Temp. 


Y.i™,. 


..op. 


Yaln^e. 


DeoESEs, 


A.v. 


l.B.B.«, 


A.V. 


D^«..^ 


x.r. 


40 


9-33 


54 


15-33 


63 


24-06 


41 


9-73 


E5 


16-86 


69 




42 


10-13 


56 


16-40 


70 


25-66 


43 


10'53 


57 


16-93 


71 


26-53 


44 


10'93 


58 


17-53 


72 


27-40 


45 


11-33 


59 


18-10 


73 


38-30 


46 


11-73 


60 


18-66 


74 


29-23 


47 


12-13 


01 


19-23 


75 


30.20 


48 


12-53 




19-80 


76 


31-20 


49 


12-93 


63 


20-50 


77 


33-20 


50 


13-33 


64 


31-20 


78 


33-23 


61 


13-80 


65 


31-90 


79 


34-23 


52 


14-26 


66 


32-60 


80 


35-33 


53 


14- SO 


67 


33-30 
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FLOW OF aAS THROIFSH MAINS, [pf 
With loss of /, of an ineh pressure. 



Biitiaettr. 


™«. 


looft. 


»«. 


l,0«f.. 


2 inch. 


3,000 


1,600 


700 


500 




4:700 


3,750 


l,(iO0 


1,200 


4 " 


8,500 


7,000 


2,900 








15,000 


6,500 


5,000 




36,000 


29,000 








65,000 


52,000 


23,000 




13 " 


100,000 


80,000 


36,000 


30,000 



m..«.... 


50 a. 


100 ft. 


600 tl. 


1,000 ft. 




3,500 


3,800 


1,250 


875 




7,900 


6,300 


2,800 






14,000 


11,500 


5,000 


3,600 






26,000 


ia,ooo 


8,000 


8 " 


58,000 


47,000 








90,000 


75,000 


33,000 


23,500 


12 « 


135,000 


113,000 
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EFFECT OF BAROMETRIC PRESSURE UPON RAI 



mi,.'"'jaei''lc 
Water. 


OrlgLual Vulume. 


Tot.iv,.™.i.r.otofw.. 



1 

3 
3 
4 
5 
10 
20 
30 
33 




!■ 

s 

^ 


33+ = 33 

33+ 1 = 34 

:-i3+ 2 = 36 

33+ 3 = 36 

33+ 4 = 37 

33+ -5 = 38 

33 + 10 = 43 

33 + 20 = 53 

33 + 30 = 63 

33 + 33 = 06 



PHOTOMETRY. 

1 Wax Candle, 4 to a pound, btiras 13 li 

1 Spermaci-ti Candle, 6 " "8 

1 Tallow " G " "6 



40 III 



SRLATIVE LIGHT FOR UNIT OF GAS. 

Batswing uunsnming 5 feet, 1-000 

Largs Patent Argand Biirnei' . " 6 " 2-880 

Boston Argand .... "5-4 " a'132 

SiuglaJBt "2-2 " llfll 

Solliday'a Patent ... •' 5'7 " 1- 

Pish-tail (Unioii-JHt) . . '■■ 4.5 " 1S13 

Large Bats wing ... " 11-3 " 2-li'S 

Wax oandia, 4 to lb 0-143 

Speiin " (1 " ,,,.., (1111 

Tallow ■■• r. " d-l 
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H/wmag the nantber of candles ony oilier light is equal to, 
centre of candle being 10 inches /yom centre of Photometer, c 
the gas [or other light) at any distance from 5 to5fiinches. 



Distanee o 


N-^^; 


Dla 


Cad 


Dis- 


Cn. 


Z 


~\Z 


Pliolorn'r. 


l-«quaUc. 


lance. 


di™" 


"""■°- 


diss. 


lanco. 


,ita. 


5 in. 


■25 


16 in. 


i^u" 


27Jiu 


Y^80 


39 in 


15-21 


fZ 


■30 


m" 


2-73 


28" " 


7^84 


39i-' 


15-60 






17 '■■ 


2-80 


28^ '■ 


8'12 


40 " 


16-00 


6i" 


■42 


17J" 


s^og 


29 " 


8^41 


40J " 


16-40 


7 " 


■49 


IB " 


3-34 


29i " 


S^70 


41 " 


18-81 


7i " 


■B6 


18i« 


3-42 


30 » 


9-00 


41i" 


17-32 


8 " 


■64 


19 " 


3 81 


30J " 


9^30 


42 " 


17-64 


sa II 


■72 


m_ " 


3 '80 


31 ■' 


9^61 


42J " 


18-06 




■81 




4^00 


31J" 


9^92 


43 " 


18-49 


01" 


■90 


20* " 


4-20 


32 " 


10-24 


434 " 


18-02 


10 " 


1-00 


21 « 


4^41 


m" 


10-B6 


44 " 


19-36 


10^" 


1-10 


34 11 


4'(i2 


33 " 


I0^89 


443 " 


19-80 


11 " 


X-21 




4-84 


33i " 


11-22 


45 " 


20-35 


lU " 


1^32 


m " 


5^0S 


34 '' 


ll^flri 


45J ■' 


20-70 


12 " 


1-44 


23 " 


5*29 


34J " 


ll^BO 


46 " 


21-18 


12i " 


1-56 


23i" 


5-52 


35 " 


12^25 


46*" 


21-G3 


13" " 


1-69 


24 " 


f>-n 


36J" 


12-60 :47" " 


22-09 


13i" 


I'82 


i*" 


6-00 


36 " 


12-96 l47J " 


22-56 


14 " 


1-96 




6^2S 


364" 


13^32 48 " 


23-04 


14J" 


2-10 


25J " 


6^50 


37 " 


13-69 


48i " 


23-52 


15 " 


2^26 


2S " 


6^76 


37i" 


14-06 




34-01 


15J " 


2^40 


36i" 


7-02 


38 " 


14-44 


49i " 


24-SO 






27 " 


7-29 


38^ " 


14-82 


50 " 


25-00 
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If the diatauce be in inclies and tentlia, squavB tlio niimbev, 
ami point off foui' decimals. 
Example: — ■ ]3'G 



of couSTtmptioii. 

CIRCLES AND AREAS OF CIRCLES, BY ^. 



»™. 


Ci.a»f. 


A..., 


3>^." 


Ci,o„n,f. 


A,e». 


A 

t 


■0S81 


00076 


k 


2-748 


■6013 


■1963 


00306 


H 


2-945 


■6902 


■3926 


01227 




3141 


■7854 


t 


■5890 


027«1 




3-534 


■9940 


■7854 


04908 




3^927 


1^227 


1 


■9817 


07669 




4-319 


1^484 


1178 


1104 


4-712 


1^7G7 


1-374 


1S03 




5105 


2^073 , 


1^S70 


1963 




5^497 


2^4fl5 


]^767 


248S 


1 


5^890 


2-761 


1^963 


3067 


2 


6^283 


3^141 


2^159 


3712 


3 i 


7-854 


4^908 


2'356 


4417 


3 


9^424 


7^068 


If 


2^652 


5814 
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MEASUREMENT OF STONE-WORK. 

1 Pertli, MasoMs' or QuajTyiaeii's Measure. 
1S.J foot long, -, 

IH inclies wids, [ = 23 oubie feet. To be measui-ed iu wall. 
12 " high, J 
1(JJ feet long, -i 

18 inches wide, I ^24-75 cubic feet. TobemeaBuredinpile. 
12 " high, J 

1 Cubic Yard = 3 feetxS feet x 3 feet = 27 cubic feet. 

The cubic yard has become the standard for all contract 
work of late years. 

Stone walls less than Id inches thick count aa if Ifi inohaa 
thick to mason ; over IS inches thick, each inch additional 



BRICKS REQUIRED FOE WALLS OP VAEIOUS THICKNESS. 
Number for Each Square Foot of Face of Wall. 



i inch . 


. . li 


24 inch . . 


. . 45 


8 " . 


. . 15 


28 " . . 


. . 52J 


12 " . 


. . 22J 


32 " . . 


. . 60 


16 " . 


. . 30 


36 " . . 


, - G7J 


20 " . 


. . 37J 


42 " . . 


. . 75 



Cubic Yard = 600 bricks in wall, 

Porch (23 cubic feet) ^ 600 bricks in wall. 

To paye 1 Siiuaie yard on flat requires 41 bricks. 
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GAS-HOLDERS. 

la-liolder 50 feet diaiuetBV, weighii 
le with a prassnre of 2'8 inches. 

-^!& Fon Determihibo Weii 



reasure in inchas of w 
eight of holder in poi 



NiPx4 



W 



^diameter in feet 



PX4-123 

Apply Ihe above exatiipU: 
= 50"x2-8x4'128 = 28,896 ponndB. 

^ ^-SSS = 2-8inohe9. 

3600x4.128 



l~2t 



= 50 feet. 



2-8X4-128 
a diameter and pressure the first formula gives the 
weight. 

From diameter and weight the second gives pressure. 

From pressure and weight the third gives diameter. 

The weight of a oubio foot of river or distilleii water is 
63-5 pounds = 1000 ounces, and givffl this pressure on a 
square foot of surface. 

A column of water one inch deep weighs B'2 pounds, and 
gives this pressure on a square foot of surface. 

EniE.—To asoectain the power neeessaiy to overcome tlie 
friction of wat*r through a horizontal pipe. 

Cube the number of gallons to he discharged per second, 



.y Google 



7S 

and muitipiy by the leugth of pipe in ino lies —divide tlie re- 
salt by 140 timuB tlie 5th power of tha diameter of the pipe 
in inches, the result is Ihe number of H. Power. 

Example. — Wliat power ia required to overooiae the frie- 
liou thiough ft pipe 18 inohes diameter, 3000 fetit long, dis- 
tliaiging 50 gallons per second. Ans. 17 H. P. 

a50x3 00 0xl2=:4,500,l>00.000 

'18x140=364539520 '^'^'^ ^- ^■ 

Rdlb.— To flua the Horse Power of a Steam Engine. 

Multiply the area of piston in square inolies by effective 
prebbure m lbs., and multiply by the velocity of piston in 
feet pel minute, and divide by 33000— f'„ of the veBult gives 
the Horse Powev — the ^ allowed for friction. 

KOLE.— To determine the velocity of discharge, of water 
through B. pipe in feet per second. 

Multiply 3500 times diameter in feet, by height in feet, 
divide by length in feet, added to 50 times the diameter — 
the sqnaro root of the qnotient 3s the velocity in feet per 
second. 

Rule.- To determine the quantity of discharge in cubic 
feet per second. 

Multiply the area of the pipe in feet by the velocity iii feet 
per second. 

EcLE.— To ascertain the height due to tlie friction of water 
through a pipe. 

Square the velocity in feet per second, and multiply by the 
Co-eff. 13.88 — and divide by diameter in inches, and multi- 
ply by length in feet, and divide by 2500. 

Rule. — To determine the capacity of any size pipe. 

Square the diameter iu inches, and point off the riRht hand 
figure— J of this sum is the content in ale gallons of each foot 
in length. 
10 
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Hi/dranlic Mortar. 

Lime, slaked 1 bnshel. 

CaleiTied Clay . . . . . IJ- " 
Washed Sand . . . . . 1^ " 



Unslaked Limt 
Broken Stone 



Hjdraulio Cement, 6 bnahels, or 2 New Yoi-k bari'ela. 
Sand . . . 6 " 
This will lay 1,000 bricks or two perelioa of stones. 

Mortars. 
Stone Lime (nnslakeil) ... 1 biisliel. 

Stone Lime (nnslaked) . . . ! " 
Gravel ....-■ 10 " 

Cement for Leaks in Gas-holder. 

Red Lead in oil 1 pa't. 

White " " . . - • . 1 " 

Litkarge " 1 

Intimately mixed and puaked into crevites with wooden 
spatula. 

For Leaks in Iron Betorts. 

1. Fire-clay, 15 lbs, ; Saleratns, 1 lb., made into paste with 

water. Applied inaide to the broken part whilst the retort 

is at a good working heat; cover witli fine coal dnst and 

charge the retort for working. 
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Far Outsidf. 

2. Calcined fire-olay 1| gallon. 

Copper or bvaSB filings . , . . . 1 pint. 
Gas tar (boiled) ...... '3 gallons. 

To be mixed, warmed, and worked iuio ksUs about 1 inch 

Apply to the flraok eutaide. 

For Mending Iron Eeiorts. 

3, 15 Iba. fl5»-clay, 1 lb. salei'atns, with wat^r to laake a 

thick paste. This must be applied to the lirokeii part of the 

retort, when at a good working i.aat ; after this, ooi-ar it with 

a fine coal dust, and olia,i^e the retort for working. 

To Stop Lealcs in Clai/ Eelonts vtkea at werking lieat. 

Fiyo parts fire-olay. 
Two " fine white sand. 
One " (ftiaed, and fine ground) borax. 
Mii with water to the ooasistency of putty ; iako a lamp 
of any convenient size, roll it ia the hand to a proper length, 
and apply it over the eraok, pressing upon it with a heavy 
foroe so as to drive it into the crack. Use a loag spatmla. 

The boras fused as follows : Put an iron pot over the Are, 
into which, drop pieces of bowK, adding small portlwis at 
intervals, so as to prevent it flowiug over the sides of the 
vessel ; let it fnae until it becomes a glass in a liquid fonn, 
pour it off to cool, and then griad it fine. 

This mixtnsH s-houid be kept on hand whero olaj retorts 

Vnasnls for Vasi-Iron. 
1. One ounce of sal ammoniac to each liunjlrea weight of 
borings, and use without heating. 
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2. In 100 lbs. of iron lioiiiigs mis 
sulphur, and add one pound of sal 
hot water. 

To preserve for use. — Put in an iron vessel, and cover witli 
water. 

To Remoiie the Deposit of Carbon from Clay Retorts. 

Take out the stopper from stand pipe, so as to allow a otir- 
rent of air to pass through the retort and osidize the carbon. 

Use DO bar. Put in a charge of coal after the retort has 
lain idle the number of honrs required, and when it is with- 
drawn the oarbon comes with it. 



Iron Gem. 


ent. 




for securing moutli-pieoes the 1 


ron cement 


is very ■ 


or where heat is present. 






1 ounce sa! ammor 


line. 




1 " flowers of 


sulphnr. 




32 " clean east- 






iron bona; 


•a. 


Mis well and keep dry. 






When wanted for use mix ini 


lo a paste 


with m, 


apply to the joints and soiow them togethec 




Or, as some prefer, 






a ounces sal ami 


noniac. 




1 " flowers 


Of sttlphui 




IS " oast-iro 


a borings. 





Uix well and keep dry. 

When wanted for nse take of this 1 part, to which add '20 
parts iron fliings or borings ; mix f* a pasta with water and 
apply to joints. These are improved; tyy adding a little fine 
grindstone sand. 

An Economic Cement for MoM-Fiems. 
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Pai-tE not exposed to heat may ba joiued with putty spread 
upon pastHboard, canvfta, or woollen elotha. 



Joiuta reguiciag to be separated often may he made of red 
iuid white lead mixed, and spread upon woollen cloths or 



To Remove the Crusl of Carbon from Clay Retorts. 

Take ont plug from stand-pipe, put a pipe through lid of 

mouth-pieoe, or leave a space open at bottom of lid to aUow 

a current of eool air to pass, wbioh osidizes and ommhles 

the carbon, which is renewed with the following charge. A 
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APPENDIX. 



Thboooh the kindness of Henry P. M. Birkiuljiiie, Cliiof 
Engineer of the Pliiladelpliia Water Worka, we are enabled 
to furnisl! tlie following : — 

1 Rod of Btinkwork = 272 sup. ft., IJ bricks thick. 
= llj cub. yda. = 306 cub. ft. 
= 4000 brioka average work, 
= 5300 " laid dry. 
3() bricks flat, or 52 on edge =5 1 yard paying. 
Ho. of brioks in I cubic yd. = 384 
1 load of Mortar =^ 1 onbio yard. 

1 " " Sand =1 " " 

1 bag " Cement =; 3 busliala. 

1 saok " " =5 " 

1 cubic yard brickwork re- ) S^ cubic feet aand. 
qnires about ) 2^ " " lime. 

Mortar, Cement, &c. 
Mortar.— 1 of lime to 3 or 3^ of sharp river sand, 

01 1 " 2 sand and 1 blacksmitli's ashes, or 

coarsely ground coke. 
Coarse Mortar. — 1 of lime to 4 of coarse gravelly Band. 
Concrete. — 1 of lime to 4 of gravel and 2 of sand. 
Hydranlic Moitar. — 1 of blue lias lime to 2J of bnmt olayi 

gronnd together ; 

or 1 of Hue lias lime to 6 of sharp aand, 1 of puKiolana, 

and 1 of calcined ironstone. 
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iJotoD. — 1 of Hydraulic Mortar to Ij of angulai' stones. 

Cement. — 1 of sand to 1 of oemeut. If great tenacity is I'e- 
qnired, tlie cement sljould be nsed without sand. 

Waterproof Mastio Cement. — 1 of reel leaiS to 5 of grottnd 
lime and 5 of sharp aaud, mixed with boiled oil ; 
or 1 of red lead to 5 of whiting and II) of sharp saud, 
mised with boiled oil. 

Portland Cement is composed of clayey mud and ohalk 
ground together, and afterwards calcined at a high tempera- 
ture ; after calcining it is ground to a fine powtier. 





Plastering. 




1 in, thict. S In. [hick. S in. IMcl!. 


1 bushel of cement, 
orl.28oTib. feet will 00 


^^^}l|s.yd. Hs.yd. 3is.yd. 


I oement and 1 sand 


2i " 3 " 4i « 


1 oub. yd. of lime, 2 yds 
sand, and 3 boshela 
hair will oOTer 


J (75 yds. sup. render and .set on 
J brick, or 70 yds. on lath. 



Asphalte Flooring, 

8 lbs. of asphalte oompoaition will cover 1 sap. foot, | 






Water Works. 



1 gallon of watei' =; O.lfi cab. ft. approximately. 
1 cube ft. " ^ 6^ gallons " 

Conanmption of water in towns ; — 
16 gallons per head per day in non-manufacturing towns. 
20 " " II " manufooturing towus. The 

main shonld be large enough for doable the average 

quantity. 
Impounding reservoirs to contain above 120 days' supply in 

the rainy districts, anil 200 days' supply in the less rainy 

districts of England. 
Service reservoirs to contain 3 days' supply. 
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On the aTerage about -i^ of tlie I'ain fall is available for storage. 
Loss from overflow of storm-wator about 10 pur cent. 
Evaporatioii 50 per cent, less on flat country than on an un- 
dulating rocky country. 

Cast Iron Pipes— Pressure in. 
Lot H = Heaa of water, in feat. 

P =i Pressui'e of water, iu Iba. per squai'e inoli. 
D^Intevnal diameter of pipe, in inches, 
(=; Thickness of metal, in inches. 
P = 0.433 H. 
( = O.O0O0S4H(i+3:. 
ori = .000125P.(? + i. 
3::=f inohes for pipes, leas than 12 inolieB diameter. 
= i " " " from 12 to 30 inches. 
= 1 " " " " 30 to 50 " 

Rule for finding the Weight of Cast Iron Pipes r — 
D^ Diameter outside, in inohaa. 
d= " inside, or bore, in inches. 
■\V = Weight of 1 yard of pipe, in lbs. 
W = 7.35CD2— d"). 
Let the diameter of a pipe := 3 inches bore, and let the metal 

be ^ inch thick. 
Tlien the outside diameter is 4 = D. 
Then W = 7.35(D'— rfO 
= 7.35(16—9) 
= 7.35x7 

=. 51.45 = 1 yaM of pipe in lbs. 

= 17.15 = 1 foot " " " " 

Tlie weight of two tangos =about 1 foot of pipe. 

Delivery of Water in Pipes. 
D^Dianioter of pipe, in inches. 
H = Head of water, in feet. 
L = Length of pipe, in feet. 
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W = Cnbio feet of water distharged pei' minute. 
W = A:.T2,—.— B = .S38«J ■ ^j— 

Gas Works. 
Each Lamp oonaumaa 5 cubic feet per hour. 
In winter each lamp consumes from 1800 to 2500 cubic feet 

per month - 
In Bunimer each lamp eoiisumes from 1000 to 1800 cuhio f«et 

per month. 
Average oonSnmptionforeaohlamp= 21000 cuh. ft. per year. 
Private burners about = BOOO " " " " 

MoJion of Gas in Pipes. 
Q = Quantity of Gas, in cubic feet per hour. 
L = Length of pipe, in yards. 
D = Diameter of pipe, in inches. 
H= Head of water pressure, In inches. 
8 = Speciflo gravity of Gas. 

Q=I3B0D=sl»L 
°| Q' L 
D = .056<J H 

G May be aBaumecl = ,42 for ordinary calonlations. 
H 11 H " ^ J an inch to 1 inch. 

Services for Lamps. 

2 Lamps 40feet from main require f bore of pipe. \ Seldom 

4 " 40 " " " " h " " " \ "^^ ^''^^ 

6 " 50 " " " " § " " " ' than ^ in. 
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Light. 

Velocity of ligM 192,000 miles per second, nearly. 
Deooraposition of Light ;— 



Violet =iua!: 


mum ohemioal ray. 


Indigo. 




Blue. 




Yellow = 


light ray. 


Orange. 




Ited = 


lieat " 




Sound. 


Velocity of sound h 


air = 1142 ft. per aetioiid 




water = 4900 " " " 


a .. 


iron =17,500 " " 


U 1. It i 


oopper = 10,378 " " " 




wood = 13,000 " " 




to = lS,000 " " " 


istance Sounds may 


be heard on a still day :— 


Human voice . 


150 yards 


Rifle 


B300 " 


Military band . 


. . 5300 '■ 




. 35.000 " 



To find the Speeifie Gravity of a Substauc 
W ^ weigtt of body in air. 



G^ specific gravity. 



Q- 



W 



If the substance be lighter than water, sink it by means of 
a heavier substance, and deduct weight of heavier substance. 

To find the weight of a cnbio foot of any substance when 
the specific gravity is given ; — 

Weight of a cubic foot, in lbs. =62.5xG. 
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Rusi Joint Cemetif (Quickly Setting). 

1 Sal amiuoiiiac in powder (by weight). 

2 Flo war of aulplin!*. 

80 Icon boringB made to a paate witJi water. 

Rust Joint Cement (Siowiy Setting). 



1 Flower of enlpliur. 
200 Iron boringa. 
The latter cement is tie best if the joint is not required 
for immediate use. 

Red Lead Cement for Face Joints. 
1 of white lead. 

1 of red lead, mixed with linseed oil to the proper 
consistency. 

Average EvaporatiTe Power : — 
1 lb. of coke evaporates 9 lbs. of water. 

1 " " coal " (avemgo) 9 " " " | ^^ ^""^ ^^«" 
I in practice. 
1 " " slack " 4 " " " 

1 " " oak (dry) " 4^ " " " 

Coal loses about ^ of its weight in coking, but increaaes in 
bun /,. 
Stationary ezpauaive oondensing engines use from 5 to T lbs. 

of coal per horse power per tour. 
Locomotive (passenger) from 25 to 30 lbs. per mile. 

" (heavy goods) " 45 to 55 " " " 

Wood-buruing looomotives will ran 24 luiles with 1 cord of 

A cord of wood = 4 feet X 4 feet X 8 feet. 

Navy allowance of stowage of coal = 2700 lbs. ; 4S cubic feet 

per ton. The bulk of wood is about S times as maoh as 

an eq^uivalent of coal. 
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Memoratid. Cotinecled wiih Water. 
1 oubio foot of water = 82'4 Ifas. 



inch 



■038 " 



1 galio' 



= lO' "or 70,000 grs.imperia. 

01' ^= 0'16 onljiu feet. 

1 cubic foot of water = 6-2356 gallons. 

or approximately ^= 6^ " 

1 cwt. of water = 1 -8 oubic feet = 11 '2 gala. 

Iton " =36-9 " = 324- " 

Pressure of Water per 3q. inch at dift'ereiit heada :~ 
= pressure in lbs. per sqaate inch. 



H=:h 



d of w 



lately. 



P = H X -4333. 
H=P X 3-31. 

Pressni'e per square foot ^ H 62'4. 
Gnhie foot of water X 0-557 = ewt. 
" " X 0'028 = tona 

1 cuMo foot of sea water = 64.14 lbs. 
Weight of sea water = weight of fresh water x 1-028. 
1 gallon in wine, ale, or dry measure 

= 277]: cub. inches = -16 cab. feet. 
= 10 lbs. of distilled water, 
Cubio feet x 6-232 = gallons English. 
7.481 = » Araerioan. 
" inches x '003607 = " 
1 bushel = 2218-19 cub. inches. 
= 1-28 cub. feet. 
Decimnl Equivalents of IiKhes, Feet, and Yards. 



F™ n D«™ Be™ 


Incbea. Feet. Yards. 


Si h" r F ' 


1= .0833 = . 0277 




i 




2 = 


1666 = 


0565 


I 


" =. 


4= 


25 = 
3333 = 


0833 
1111 


\- 






4166 = 


1389 




1= 




6 = 


5 = 


1886 




1 




7= 


5833 = 


1944 








8 = 


6666 = 












75 = 


25 




1 




10 = 


8333 = 


2778 


linh-lL_ 


«, 


11 = 


9168 = 


3055 








12 = 1 


000 = 


3333 



~CIw;lc 





Decimal Eqvdvalents of Ihs., 


jrs., and cwt. 




qt-S. lbs 

Oi= 

1 


=.0044 


1 0= 


.35 


qi^S. Ills. Wt. 

2 0=.5 


3 0= 


.75 


.0089 


1 1 


.2589 


2 1 


.6089 


3 1 


.7589 


2 


.0178 


1 2 


.2578 


2 2 


.5178 


3 2 


.7678 


3 




1 3 


,3768 


2 3 




3 3 


.7768 


i 


.0357 


1 4 


.2857 


2 4 


.5367 


3 4 


.7857 


5 


.0446 


1 D 


.294S 


3 5 


.5446 


3 6 


.7946 


6 


.0535 


1 6 


.3035 


2 6 


.5535 


3 6 


.8036 


7 


.0825 


1 7 


.3125 


2 7 


.5635 


3 7 


.8125 




.0714 


1 8 


.3214 


3 8 


.6714 


3 8 


.8214 




0803 


1 9 


.3303 


2 9 


.5803 


3 9 


.8303 


10 


.0892 


1 10 


.3392 


2 10 


.5893 


3 10 


.8392 


11 


.0982 


1 11 


.3482 


3 11 


.5982 


3 11 


.8482 


12 


.1071 


1 12 


.3571 


2 13 


.6077 


3 12 


.8571 


13 


.1160 


1 13 


.3660 


2 13 


.6180 


3 13 


.8860 


14 


.125 


1 14 


.375 


2 14 


.635 


3 14 


.875 


15 


.1339 


1 15 




2 15 


.8339 


3 15 




16 


.1439 


1 16 


.3929 


2 16 


.6429 


3 16 




17 


.1518 


1 17 


.4018 


2 n 


.6518 


3 17 


.9018 


18 


.1607 


1 18 


.4107 


3 18 


.6607 


3 18 


.9107 


19 


.1693 


1 19 


.4196 


3 19 


.6696 


3 19 


.9196 




,1786 


1 20 


.4386 


2 20 


.6786 


3 20 




21 


.1875 


1 31 


.4375 


2 21 


.6875 


3 21 


.9375 




.1964 




.4464 


3 22 


.8964 


3 22 


.9464 


23 


2054 




.4554 


2 23 


.7054 


3 23 


.9554 


24 


.2143 


1 24 


.4643 


2 24 


.7143 


3 24 


.9843 


26 




1 26 


.4732 


2 35 


.7232 


3 25 


.973^ 


2S 


!3321 


1 26 


.4831 


226 


.7321 


3 28 


.982] 


37 


.2411 


1 27 


.4911 


2 27 


.7411 


3 27 


.9911 



Properties of the Circre. 
Diameter X 3-14159 = cireumfereuee. 

X ■8883 = aide of an eqaal aqua 
X -7071 = " insoribed " 

Diameter' X '7854 = area of oircle. 

C roniofBtenee -i- 3-14159 = diameter, 
Ealns X 6-28318 :=ciroumf8reiiee, 

C re mfarecc.e ^ 3-54 \/area of circle. 
D imoter = 1-12S v'area of circle. 
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Mensuration of Surfaces. 

Area of triangle =^ base X i perpend iculiii. 

Area of nirelo = diametei'^ X 'ISbi. 

Area of sector of circle = aro x ^ radiua. 

. . , No.ofdec.inarexareaofthecircle. 
Area of sector of circle = g^U 

Area of parabola = baae X I lieigM. 

Area of ellipse = trans vera e axis X '7854. Conju- 

Area of cycloid = area of generating circle X 3' 

Surface of cylinder = area of both ends + length x cir- 

onmfaranoe. 
Surface of cone := area of base + circumference of base 

X i alant height. 
Surface of sphere — diameter^ x 3-141B = diameter X 

circumference. 
Surface of frastrum = sum of girt at both ends x i slant 

height + area of both ends. 

Mensuration of Solids. 
Cylinder = area of one end x length. 
Sphere — diaroetei^ X 0-5236. 
Segment of sphere = 0-5236 H (H2+ SW) where H = height 

of segment and R = radiua of the base of aagment. 
Cone or pyramid = area of base X J per perpendicular height. 
Fruatrnm = J H (A + a + x/A X a) . When A and a = areas 

of the ends, H ^ perpendicular height. 
Frustrum of Cone = 0-2618 H (D" 4- d' + D . d). When D 

and d = the diameters of each end and H = perpendienlar 

height. 
Wedge ^ area of baae X a perpendicular height. 
Fruatrnm of wedge = ^ H (A + a). When A and a — area 

at each end, H ^ perpendicular height. 
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Is 


1 1 1 1 i li li 1^ 1 1 is MS 1 lis 




III 


.0011 
.0014 
.002 

.0017 

.0016 
.0012 

■ooii 

■0028 

.016 
.0019 
.0011 

.0031 
.0029 






>1800» 
810 
497 

1800 

1996 
2016 

2786 
612 

39 
1873 

442 
773 




1 


. . .| J . . . .§ . .|| . . . . J ^ 


1 
b 


3 A 

111 


1066 
3360 
17.978 
49,000 
19,072 
33,000 
61,000 
20,400 
36,000 
60,000 
70.000 
88,000 
19,000 
1824 
3328 

41,000 
120,000 

80,000 
5000 
8000 


1 


1 


160 
418 
616 
525 
531 
5B6 
559 
562 
1203 
525 
481 
475 

448 
709 

847 
654 

487 
485 
455 
437 




II 


|SSS31L|JSS:=MPS. 




ih 


P,,:,::,,,M,,:,,l:ii 




1 






Aluminium . 
Antimony, cast 
Bismuth . . 
Braes, cast . 
Brass, wire . 
Copper, oast . 
Copper, sheet 
Copper, wire 
Gold . . . 
Gun metal . 
Iron, wrought ha 
Iron, Swedish 
Icon, wire 
Iron, oast . . 
Lead, oaat . 
Lead, sheet , 
Mercury . . 
Silver . . . 
Steel . . . 
Steel, puddled 
Tin ... 
Zinc . . . 
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W'tia 


Tenacity lu 


CrosMnB 


TiDiti^,'. 


etntlty. 


Z.^n. 






Asii . 


.8 


50 


17.200 


9.000 


Beeoli 






43 


11.000 


9.000 


Birch 




71 


44 


15.000 


5.500 


Cedar 




48 


31 


11.000 


5.600 


Deal, Christiana 






44 


12.000 


6.000 


Elm . 






37 


13.000 


10.000 






75 


47 


20.000 


7.000 


Larch 




55 


35 


9.000 


5.500 


Mumel . 




S 


37 










8 


50 


16.000 


8.000 


Oak, English . 




93 


58 


17.000 


10.000 


Oak, Canadiau , 




87 


54 


10.000 


6.000 


Pine, red . 




65 


41 


12.000 


5.800 


Pinfi, yellow . 




45 


29 


11.000 


5.400 


Teak, Moulmein 




B5 


41 


15.000 


12.000 


Yew. 


■8 


BO 


8.00Q 




Miscciianec^,. 










Asphaltum 


.0 


56 






(iuttn percha . 


.SS 


61 






India rahber . 


.94 


60 






IVOTy . . . 


1.8 


112 








SpooLlic 


■Weighl 


BolllnK 


E^imnsion.' 


Fluids. 


gravity. 








Alcohol . 




go' 


ITi" 


.11 


Ether 




74 


46 


100 


.07 


Oil . 




90 


56 




.08 


Water, froali . 


1 


000 


62,4 


aia 


.047 


Water, Bea 


1 


028 


64.1 


313 




Qbsss. 


,.,.„. 


\xr 


z 


*iii grains. 


Air . 


.0012 


1.000 




527 


Carbonic aoid . 


.0018 






800 


Carbiu-ettedhrdr<^eii 


.0005 


.420 




220 


Hydrogen . 


.00008 


.069 




43 


Oxygen . 


.00125 


1.103 




627 
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Speciflt 


Weight 




C 


Desoriptlon. 


jravlty. 




';Ef 


toi win lb* . 


A Jl al Substances. 










B k . . . 


2.0 


124 


290 


1500 


B kwo t, la mortar 


1.6 


100 


50 




Bri kwo k, in cemeat 


1.8 


112 to 94 




1000 


C ate ordinary , 


1.9 


119 






C n t ia cement . 


2.2 


133 






C m nt Portland 


1.3 


81 


290 


1000 


Cement, Roman 


1. 


63 






eiaas 


2.5 


15B 


9000 




Lime, quiuk 




50 






Mortal- . . 


1.7 


108 


50 




Tile . 




112 






Stones, Earths, g-c. 










Chalk . . . 


3.3 


143 




400 


Clay. 


2. 


125 






Coai 


1.3 


82 






Coke 


.8 


iSO 






Eiith rammtl 


i.a 


100 






Hint 


2.6 


163 






Gravp] 


1.9 


120 






Ciauite 


2.6 


](i4 




8,000 


Gnndgto e 


2.1 


:i3i 






Limestone 


2.5 


156 




f 3000 to 

tsooo 


Maille 




168 


6000 


6000 


Said 


1,9 


120 






Sanditoie 


2.5 


156 




5000 


Stone, B.itli . 


1.8 


112 






Stone, Portland 


2.1 


131 




3700 


York flag . 


2.3 


143 






Slate . . . 


2.8 


175 


9000 


n,ooo 


SMngle . 


1.4 


90 
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Weif/ht and Strengtl 


of Round Eopef of Hemp and Wire. 


__>• 


„. 


„. 


,zr 


.. 


w... 


Eqili 


sr 




lla 




!li^ 




IbB. 


W^ 


fii^ 


°"~ 




felenM 


welgiit 


arram 


weight 
fftufom 


iS 


;S 


2J 


2 




1 






6 








I* 


u 


i"' 


1 




3 


31 


4 


51 

4 


2 






12 


4 


5 


5 


2i 
3 


i'j 


n 


11 


5 






2 


3^ 


i'l 


2" 


21 


7 


H 


1 


21 


4 


li 


2* 


34 








2i 


4} 






27 


g 




9 




5 


i'j 


3" 


30 


10 








5J 






33 


11 


H 


10 


1 


6 


2' 


3^ 


36 


13 






6J 


2* 


4 


39 


13 


7 


12 


? 


7 


2i 


^ 


43 


14 






3 


TJ 






45 


15 


'i 


14 


a 




2f 


5" 


48 


16 






H 


8i 






51 


17 


8 


16 


1 


9" 


2 


H 


54 


18 






10 




s 


CO 


20 


8J 


18 


3 


11 


2 


H 


es 


22 






3 


32 






73 


24 


,S* 




3? 


13 


3i 




78 




10 


36 


4 








S4 


28 






4} 


15 


31 


9" 


BO 


30 


11 


30 


If 








96 










3J 


10" 




36 


12 


34 


■>» 


20 


3I 


12 


130 


40 
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Weight and Strength of Flat 


Hopes of Remp and Wire. 


Hemp. 


i™„w>«. 


Steel Wite. 


alreuBtli- 




lbs 




m 




lbs. 


■Work- 


Break- 








WBtgilt 




weight 


iS 










per 








stmla 




folhom. 




fathom 




aihom. 


per cwl. 


pec ton. 


4 xl 


20 


21 X 


11 


... 




44 


20 


5 xl 


24 


24x 


13 






52 




64X1 


26 


2|x 


15 






60 


27 




3'x 


16 


2 X4 


10 




28 


6 Xl 




SIX 


18 


Six* 


11 


72 


32 


7 Xl 


36 


six 


20 






80 


3i5 


8JX2 


40 


Hxi 


22 


Six J 


13 




40 


8JX2 


45 


i Xi 


35 


2|X ■ 


15 


100 


45 


9 X2 


50 


4iX 

4x i 


28 


3 X 


16 


112 


50 


9iX2 
10x3 


5B 


32 


3Jx 


18 


138 


56 


60 


4|x 


34 


3JX 


20 


136 


GO 



Weight mid Stren^h of Hemp Bopes. 
W=3Weigli,t of rope, in lbs. pec fattom. 

C=Ciroumferenee, in inches. 

B=Brflaking weight, in tona. 
W=C! X -26. 

B=C' X ■28 for hempen ropes. 

B=^C' X -2 for common cables. 



Rule for the Weight of Pipes. 
D^Outside diameter of pipe in iiiclies. 



=Weight of a lineal foot of pipe in Ibh. 



J:(D^- 



(0- 



k=2M for oast iron. 
=2.64 for wrought ir 
=2.82 for bra^s. 
=3.03 for copper. 
=3.87 for lend. 
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WeigM of a lineal foot of 


Oast-Ir 


n Pipes in, 


6s. 


2 flanges— 1 foot oC 


length in wei 


ght. 




ill™. 


Thick- 


Weight. 


SI 


L':f,;r 


WeLght. 


fZb 


:^:i} 


Wolght. 


"^ 






12.4 


3 




34.4 


15 


1 


186.8 








17.1 


9 


46.6 


15 


u 


177.7 


3 






22.2 


9 






16 


1 


123.1 


4 






16.1 


9 




71.7 


16 


144.7 


4 






22.1 


10 




51.4 


16 


1 


168.6 


4 






28.!! 


10 




65.1 


16 


^ 


188.7 


5 
5 






19.8 
26.9 


10 
10 




79.0 
93.3 


18 
18 




137.9 
161.8 


5 






34.4 


11 




56.4 


18 


1 


186.2 


5 






42.3 


11 




71.0 


18 


1 


210.8 


6 






33,4 


11 




86.4 


20 


178.9 








31.9 


11 




101.8 


30 


/ 


205.8 


6 






40.6 


12 




77.3 


20 


u 


282.9 


6 






49.7 


12 




93.7 


20 


H 


260.3 


7 


i 


27.1 


12 


■ 


110.4 


32 


1 


325.4 


7 




36.8 


12 


1 


137.4 


22 


H 


254.9 


7 




46,7 


14 


1 




22 


4 


284.8 


7 




56.8 


14 


108.4 


34 


1 


245.0 


8 




30.8 


14 


J 


127.5 


24 


ij 


376.9 


8 




41.6 


14 


1 


147.0 


24 


4 


319.3 






52.8 


15 


1 


115.7 








S 






64.3 


15 


136.1 
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Weight of Lead Pipes in 


Weight of Copper Hpes in lbs. 


tbs. per foot lineal. 


per foot lineal. 




Cora. 


Mid- 






TMokn i « tl 1. 




Z"; 




^'ibs.*' 






U.C1. 


A 1 i 


A 




+ 


1.07 








,1 


1.6 


1.8 


2. 


* 


.43 


.94 














f 


.62 


1.33 






H 










.79 


l.fin 


2,fifi 


3.77 








5.6 


U 


I.IS 


2.44 


3.85 


5.30 


a 


5.0 


6.0 


7.0 


•i 


1.65 


3.21 






2t 








aj 


1.94 


!i.H7 


6.13 


8.31 






2.3 4.73 


7.24 


9-84 
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Weight of a Lmeal Foot 


/ Flat Bar Iron j 


71 1'mmd-i. 


-1 




Thl.ka,.Bi.h..»U 


US of In 


hes. 




F 


^U 


_L 


A 


i 


i 


1 


i 


1 




.83 


1.04 


1.25 


1.46 


'l.67 


2.08 


2.50 


2.9J 


3.34 




.93 


1.17 


1.40 


1.64 


1.87 


2.34 


2.81 




3.75 




1.04 


1.30 


1.56 


1.82 




2.60 


3.13 


3'65 


4.17 


1.14 


1.43 


1.72 


2.00 


2.29 


2.37 


3.44 


4.01 


4.59, 




1.25 


1.56 


1.87 


2.19 


2.50 


3.13 


3.75 


4.38 


5.00 




1.35 




2.03 


2.37 


2.71 


3.39 


4.07 


4,70 


5.43 




i.4e 


1.83 


2.19 


2.55 


2.92 


3.65 


4.3t 


5.11 


5.84 




i.se 


1.95 


3.34 


3.74 


3.13 


3.91 




5.47 




2 


1.67 


2.08 


2.50 


2.93 


3.34 


4.17 


bIoi 






2^ 


1.77 


2.21 


2.66 


3.10 


3.B5 


4.43 


5.32 


6!31 


TJO 


2i 


1.87 


2.34 


2.81 


3.2R 


3.76 




5.63 


6.57 


7,52 


H 


1.98 


3.47 


2.97 


3.47 


3.96 


4.85 


5.95 


6.94 


7.93 


2i 


2.08 


2.60 


3.13 


3.65 


4.17 


5.21 


6.36 


7.30 


8.35 




2.19 


2.74 


3.38 


3.83 


4.38 


5.47 


6.57 


7.67 


8.77 




2.39 


2.87 


3.44 


4.01 


4.59 


5.74 


8.88 


8.03 


9.13 


3f 


2.40 


3.00 


3.60 


4.30 


4,80 


6.00 


7.20 


3.40 


9.60 


3 


2.50 


3.13 


3.75 


4.38 


5.01 


6.36 


7.51 


8.78 


10.02 


3i 


2.71 


3.39 


4.07 


4,74 


5.43 


6.78 


8.14 


9.49 


10.86 


H 


2.93 


3.66 


4,38 


5.11 


5.84 


7.30 


8.76 


10.33 


11.69 


34 


3.13 


3.91 


4.68 


5.47 


6.36 


7.83 




10.95 


12.53 


4 


3.34 


4.17 


5.00 


5.84 




8.35 


10io2 


11.69 


13.36 


4i 


3.54 


4.43 


5.32 


6.31 


7.09 


8.87 


10.84 


13.43 


14.19 


4| 


345 


4.69 


5.63 


6.57 


7.51 


9.39 


11.27 


13.1B 


15.03 




3.06 


4.95 


5.94 


6.94 


7.93 


9.91 


11.89 




15.86 


5 


4.17 


6.21 


6.26 


7.30 


8.3S 


10.44 


12.52 


I4;ei 


18.70 


5i 


4.38 


5.47 


6.57 


7,67 


8.78 


10.96 


13.14 


15.34 


17.53 


1 


4,59 


5.73 




8.03 


9.18 


11.48 


13.77 


16.07 


18.37 


5i 


4.B0 


6.00 


7.20 


8.40 


9.60 


12.00 


14.40 


16.80 


19.20 


" 


5.01 


6.25 


7.51 


8.76 


10.02 


13.53 


15.03 


17.53120.05 

i 
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.,„ 


.„., 


Hound 


11 


SqAiare 


Hound 


Id 


Sq.ia.i-i, 


EOUIld 


side. 


















.209 


.164 


1 


3,34 


2.62 


2; 


27.61 


21.68 


.326 


.256 


1 
1 


4.22 


3,32 




30.07 


23.60 




.470 


.369 


5.35 


4,09 


H 


35.28 


27.10 








1 


6.35 


4 96 


:■( 


40.91 




.835 


.656 


1 


7,51 


h.W 


H 


46.97 




1.057 


.831 


1 
1 


8.82 


6.92 


4 


63.44 


41.97 








10.29 


H03 


4 


60.32 










11.74 


tl,2'^ 


4 


67.63 






1.879 


1.476 




13.36 


10.49 


4 








2.205 




^ 


15.08 


H,fi4 


ft 


83.51 


65.58 






16.91 


13 27 


ft 


92.46 








2,306 


H 


18.84 


14.79 


5 


101.03 












16.39 


!i 












H 


23.11 


1S.07 


6 


120.24 










n 


25.26 


19.84 









To eoiiTert into weight of other metale, mnltiply tabular 
Ho. for oast iron by .93, for steel X 1-01, for copper, X 1-15, 
for brass X 1.09, for lead X 1-48, for nine X -92, 



Weight of Nuts and Bolt Beads 


m lbs. 




Diameter of bolt in inches 


^ 


^ 


* 


* 


1 


















and head .... 


.017 


.01)7 










Weight of square nut and 














hea<l 




.0.9 


























inches .... 


1 


^ 


U 


it 


























1.10 


2.14 


3.VH 










Weight of gqnare 
















nut and head . 


1.31 


a.!>H 













.y Google 



WeigU of a SgucM-e 


Foot of 
rmingh 


Sheet MetaU 


n Ihs.— 


rindc- 








re Gauge. 




TMsk- 


Iron 




Bhbs, 


Tli... 


rr.« 




Brass. 


B.w.a. 








B.W.G, 








30 


.5 


.58 


.55 


15 


2.82 




3.10 


29 


.S« 


M 


.61 


u 


3.13 


3.60 


3.43 




.64 


.74 


.70 


13 


3.75 


4.34 


4.12 


27 


.72 


.83 


.79 


12 


4.38 




4.81 


26 


.80 


m 




11 


E.OO 


6.80 


5.50 


25 


.90 


1.04 


.99 


10 


5.62 


6.50 


6.18 


24 


l.OO 


i.ie 


1.10 




6.34 




6.86 




1.1 a 


l.RO 


1.23 






7.90 


7.54 


22 


1.25 


1.45 


1.37 






8.70 


8.25 


21 


1.40 


1.62 


1.54 




S.12 


9.40 


8.93 


20 


1.-14 


1.78 


1.69 




8.74 


10.10 


9.61 


19 


1.70 


1.97 


1.87 




10.00 


11.60 


11.00 


IS 


1.86 


2,1B 


2.04 




11.00 




12.10 


17 


a.ifl 


K.53 


3.40 




12.00 


13.90 


13.10 


U 


2.60 


2.90 


2.75 




12.50 


14.50 


13.75 



Weighi of a Superficicd Foot of Plates, Dtf event Metals, 



n 


I,™. 


Btisa. 


Cop- 
pet. 


...., 


.-, 


™....... 


A 


?,5 


^,7 


f.9 


37 


S3 


.0625 i 


.=16 B.W.G 


t 


5. 


5,5 


SH 


7.4 


4.7 


.125 


=11 " 


tV 


7.i> 


8.2 


M7 


M 1 


7,0 


-1878 






II) 


11.0 


II li 


l+H 


9.4 


.25 




A 


T^ft 


13 7 


Ufi 


1R5 


117 


.3125 




» 


IS, 


1(14 


17.« 


•KU. 


14,11 


.375 




'- 


Vt.'» 


l!t,a 


aii.o 


a5.9 


lfi,4 


.4375 




♦ 


■M)Xi 


21.9 


22.!) 


2H.5 


IH.7 


.5 






■W5 




^S7 




?1 1 


.5625 




i 


■2^. 


»7.4 




3fi,9 


%-AA 


.625 




ft 


•i-iM 


M.I 


31.4- 


40.6 


115.7 


.6875 






an 


sat 


34.3 


44 3 


28-1 






A 


;«fi 


3S.fi 


37.2 ' 48.0 


30 4 


.8125 




A 


H5. 




40.0 ; 51.7 


3'^K 


.875 




:w,s 


41.2 


42.9 i 55.4 


3.M 


.9375 






40. 


43.9 


45.8 1 59.1 


37.5 


1.000 
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V/(-igkt of Cast-iron Balls <md Solid Cylinders, i 


Po\ind$. 


DiaineteT m 


















Inohea, 


1 


V. 


3 4 


f> 




7 






Cast-iraa balls 


.1H(i 


1.1(1 


3.70 8.7 


17.1 


«».fi 


47. 


7tt. 


11)11. 


Cast-iron cylin- 


















der 1 foot long 


2A 


y.y 


21.9 39.0 


Bl.U 


ay.i> 


I'JM 


IbB 


liia 



ffejjftt 0^ Ordinary Angle Iron, in lbs. per lineal fooi. 

Breadtli, in 

inohes, IJ IJ IJ 2 2i 2^ 2| 3 3i S^ 
Weight per 
foot,inlbg. 1.8 2.7 3.3 3.9 5 6.5 8.3 10.4 11.7 14. 



I Weight of Chains. 



Oh.ln. 


rai^D milea. 


Dta l« 




Prarf 


Difimaler 


Weight p» 


Proof attain 


inineliee. 










ia owt. 




5i 


25 


J 


13i 


80 




8 


36 










14 


65 




30 








102 














55 


360 






200 




68 






268 




84 




1 
1 


71 


334 








R7 


408 




120 


880 






498 




148 












180 
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CmCULAE 

TO GAS LIGHT COMPANIES ANB GAS ENGINEERS. 



HASBIS & BBOTHEK, 

GAS METER MANUEACTIJREliS, 

N"o. 1117 Clierry Street, 

PHII.ADEI.PHIA. 



Among the many, wc subjoin a few of our 

OEETIFIOATEB 01 EEOOMMEHBATroR. 
Philadelphia Gas 'WoitEa, February 14, 1857. 
Mi^ssRa. Harris & Bros. 

Dear Sirs : I take great pleasure in stating that we 
have fouEd yonr meters to register with entire eorrectness, 
and to be generally of very good quality. The number fur- 
nished by you to these works is oyer S.OOO. 
Tery truly, 

•TOHN 0. CKB8S0N, 

Opmce Oamden Gas Oompahy, 
Camden, N. J., March 4, 1858. 
MussHa. Habris & Bros. 

Deak Sirs: In answering your inquiry, I will say that 
your meters first camo under my notice in 1850. At that 
time I was Superintendent of the Northern Liberties (J-aa 
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Company! and as tiievc were a large nambov of manu- 
facturers urgicg their meters for our patronage, I instituted 
a thorough investigation of their Tarious ciaima to our con- 
fidence for eorfeot registration and mechanical construc- 
tion. The investigation satisfied me of the good quality of 
yoor meters, so much so that a large portion of those pur- 
chased for the Company while I was with them, were from 
your manufactory. 

We have your meters in use here in Oamdcn now that 
have been in use about ftve years, and give entire satisfac- 
tion. In fact, I can say with pleasure that I consider your 
meters in all respects as good aa any that have come under 
my notice. 

Yours, truly, 

O. W. GOODWIN, 
ISupertntmdent Camden Gas Company. 



Phila»b1:Phia, Mar all 11, IBS 8. 
This is to Obhtify, that we have, since they commenced 
business, mainly furnished Harris k Brothers with the 
materials which they consume in the manufacture of meters, 
and it affords us pleasure to state that in every sale made 
them, quality was the first consideration, they invariably 
insisting npon having none other than the choicest brand 
of tin phite and the primest quality of block tin ; and for 
the first named articles we have imported for them a very 
heavy and exceedingly high cost article where strength of 
material is required in the manufacture of their meters. 



NATHAN TEOTTEE & CO., 

No. 36 North Front ^reet. 
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Office of the Gas Lioht Cohpany of Augiista, Ga., 

Ma/rcK 6, 1858. 
MessKS. Hakeis & Bros. 

Gents; Yours of the Ist inst has just reached me. I 
cheerfully comply with your request. 

This is to certify that haying used meters manufactured 
by Messrs. Harris & Bros, for the last nine years, we do not 
hesitate to state they have given entire satisfaction in point 
of workmanship and accuracy of registration ; they are sur- 
passed hy cone, and equalled by few manufactories in the 
Union. Wc have used meters made by other establishments, 
but our preference is in favor of those made by Harris k 
Bros, of Philadelphia, Pennsylvania. 

G, S. HOOKEY, 
Sup't of (he Gas lAgM Company of Augusta, Ga. 



PHrLAOBLPHiA, March i, 1858. 
To Haekis & BeOS. 

Gentlemen: In regard to the questions you ask me of 
my opinion respecting your meters, I can only answer as 
far as my practical experience in the business has taught 
me, having worked for Code, Hopper & Oo. some six 
years, and yourselves about two years; my position has 
been such as to acquire the knowledge of the different 
mixtures of the metals used in the manufacture of meters 
and the quality of material. I most honestly believe your 
meter to be equal, if not better than any manufactured in 
this city. I have also visited several Gas Works where 
your meters were in use, and upon inquiry, found that tliey 
glvo entire satisfaction. 

Yours, respectfully I 

DANIEL P. VANDEGEIPT, 
U08 Filbert Street. 
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